that affect the test results of children assessed as having poor handwriting skills in using a pen. These factors include problems in physical function, such as decreased cooperativeness and manual dexterity of the upper limbs, difficulty in maintaining posture, controlling muscle tone and poor eye movements. Additionally, the quality of handwriting has been reported to be deteriorated in children who had physical function related issues for using handwriting tools [5] [6] [7] [8] [9] . However, to date there has not been any clinical research to investigate the types and the severity of deficits in physical function that influence the using of handwriting tools. Similarly, how the trends and the severity of problems in physical function affect the characteristics of the results of handwriting task was previously unaddressed.
In this study, we clarified the relationship between drawing performance and drawing motion in clumsy children as compared to that in healthy children by analyzing the results of a drawing task and their drawing motions while doing the task. Additionally, by analyzing physical function we also elucidated how characteristics of physical function influence drawing performance and drawing motion in clumsy children.
The hypotheses of this study were as follows. 1) The clumsy children were different from the healthy children in the accomplishment result of drawing motion in the drawing task.
2) The accomplishment result and the campaign for drawing motion in the drawing task of the clumsy children were related to characteristic of physical function.
Methods

Research Design
A cross-sectional design was used to study the relationship between drawing performance and drawing motion in clumsy children, and to determine how characteristics of physical function influence drawing performance and drawing motion in clumsy children. Each clumsy and healthy child was asked to perform a drawing task, and each clumsy child was asked to perform an additional physical function test. This study was approved by the institutional review board at Sapporo Medical University. Parents were informed of the study and given a right to remove their child from this study.
Subjects
The clumsy child group comprised 10 boys who had received a diagnosis of developmental disorders by a doctor, and who showed difficulty in handwriting. There is not an evaluation scale of clumsiness standardized in Japan. Therefore, in this study, the clumsy child was defined as judged to be weak in writing compared to each grade children by occupational therapists and parents. This group included 2 second grade students, 3 third grade students, 1 fourth grade student, 2 fifth grade students, and 2 sixth grade students.
The healthy child group comprised 54 boys who did not have any apparent physical or learning disabilities. We classify them in 2-6 grade by age. The healthy child group included 8 second grade students (7-8 years old), 10 third grade students (8-9 years old), 12 fourth grade students (9-10 years old), 12 fifth grade students (10-11 years old), and 12 sixth grade students (11-12 years old),. All subjects normally used their right hand to handwrite.
Instrument
Drawing Performance and Drawing Motion
A tablet personal computer (Sony VAIO Duo 11; hereafter referred to as PC tablet), a stylus to draw directly on the screen, and software developed for the assessment of upper limb function in handwriting tasks [10] were used for the drawing task. Microsoft Visual Basic 2012 was used to create the figures used for assessing upper limb function. During the drawing task, changes in the positioning of the stylus and elapsed time were recorded using a sampling frequency of 133 Hz.
Subjects were seated with both feet placed on the floor and with their forearms on the table. The PC tablet was placed 12.5 cm from the front edge of the desk, and subjects held the stylus with their right hand. Their left hand was placed on the bottom left of the tablet. Video cameras were placed above and to the right of the subjects to record the drawing motion. Based on a previous study [1] , markers were placed on the right acromion, lateral epicondyle of the right humerus, right radial styloid process, and stylus to serve as indicators for the analysis of motions.
The drawing task was to draw a line between two concentric equilateral triangles displayed on the PC tablet, spaced 3 mm apart, the side length of the outer equilateral triangle was 10 cm. The subjects drew a line in a counterclockwise direction, starting from the top point. Subjects were instructed to draw accurately, to try to not write outside the lines, and to not lift up the stylus from the screen while drawing. The drawing task was performed three times after the subjects had practiced using the PC tablet and stylus and after they were accustomed to the necessary movements. Based on the position coordinates of the stylus on the PC tablet, the distance that the stylus strayed outside of the parallel lines (hereafter referred to as stray distance) and the speed of the stylus movement (hereafter referred to as speed) were calculated. The markers attached to the right acromion, lateral epicondyle of the right humerus, right radial styloid process, and stylus during the drawing tasks indicated movements of the body, shoulder joint, elbow joint, and fingers, respectively (Fig. 1) . We calculated the trace length for each marker (hereafter referred to as sway length) and the total trace length (hereafter referred to as total sway length) while performing the drawing task. The ratio of the sway length for each marker was calculated by setting the total sway length of each marker to 100%.
Physical Function
Twenty-six tasks were selected from the clinical observational assessment items of the Japanese Academy of Sensory Integration: three tasks were related to the postural reflex, three tasks were related to the residual primitive reflexes, four tasks were related to the muscle tone condition, two tasks were related to posture maintenance, four tasks were related to cooperativeness of the upper limbs, six tasks were related to compound motions and four tasks were related to eye movements. The tasks were conducted by occupational therapists in accordance with the procedures in the manual, and some subjects were filmed during the tests when the subjects and their parents gave consent.
The result of each task was classified into one of three categories: poor, moderately poor, or normal. Based on these results, the occupational therapist responsible for the experiment and a second occupational therapist with at least 5 years of clinical experience confirmed the scores while checking the recordings. In cases where subjects were not filmed, the second occupational therapist re-evaluated the clinical observations and, if the scores did not match, the two assessors discussed the results and confirmed the scores. The results of the clinical observations were quantified as follows: poor, 2 points; moderately poor, 1 point; and normal, 0 points. Total points for the seven categories and all tasks were then calculated.
Data Analysis
Drawing Performance
For healthy children, we calculated the largest stray distance in three times of the drawing task, the speed of the trial with the largest sway length, the difference between the fastest and the slowest speed (hereafter referred to as the range of speed) for each school grade, and the difference between the fastest and slowest speed of each healthy children (hereafter referred to as the difference of speed). For clumsy children, the largest stray distance, the range of speed, and the difference of speed were calculated and then compared with those of healthy children of the same grade. Clumsy children who had a larger stray distance than the largest stray distance of the healthy children of their grade were considered to have a drawing problem. Clumsy children who had a faster speed than the fastest speed of the healthy child group of each grade were defined as having a fast drawing speed. Similarly, those who had a slower speed than the slowest speed of the healthy child group of each grade were defined as having a slow drawing speed. Clumsy children who had a larger range of speed than the largest range of speed of the healthy child group of each grade were considered to have a varied drawing.
Drawing Motion
In regards to drawing motion in the healthy child Note. Video cameras were placed above and to the right of the subjects to record the drawing motion, and markers were placed on the right acromion, the lateral epicondyle of the right humerus, right radial styloid process, and stylus to serve as indicators for the analysis of actions.
group, we calculated the mean and standard deviation (SD) of both the sway length and the total sway length for each marker for each grade. Subjects who had a sway length of greater than the mean value +1SD of the healthy child group were defined as having a large sway length, and those who had a sway length of less than the mean value −1SD were defined as having a little sway length. We concluded that the clumsy children had different drawing motion than healthy children when their sway length was qualified as large or little.
Further, we calculated the mean ratio of the sway length for each marker for each grade. A goodness-offit test was used to analyze the ratio of sway length. The mean ratio value of the healthy child group for each grade was defined as the expected value and the mean ratio of the each clumsy child in each grade was defined as the actual measurements. When the ratio of sway length for each marker in the healthy child group and the clumsy child did not match, we concluded that the drawing motion differed between healthy child group and the clumsy child.
IBM SPSS statistical software version 16.0 J for Windows (IBM Global Services Japan Solution and Services Company) was used for statistical analysis and p < 0.05 was used to determine statistical significance.
Physical Function
The physical function tasks were measured using the assessment scores of each area of the clinical observations and converted to a score with a possible total of 100 points. In the present study, subjects who had high assessment scores and high total points were determined as having a physical function problem.
Finally, clumsy children who had any problem in drawing performance or drawing motion were classified and analyzed according to trends noted in their physical dysfunction.
Results
Drawing Performance
The largest stray distance, the range of speed and the difference of speed for the healthy child group by grade and each clumsy child are shown in Table 1 . Clumsy children were classified into two groups according to the largest stray distance: 6 children in Group I (Case A, B, G, H, I and J) had a drawing problem; 4 children in Group II (Case C, D, E and F) did not have a drawing problem. In clumsy children from Group I, they had a tendency for larger mean stray distance and greater speed variability than the healthy child group, when categorized by grade. Stray distance; cm, Speed; cm/sec, *; above the standard of the healthy child group of each grade Note. In clumsy children from Group I, they had a tendency for longer mean stray distance and greater speed variability than the healthy child group, when categorized by grade.
Drawing Motion
The mean sway length and total sway length of each marker for the healthy child group and the clumsy children were classified into two groups according to drawing performance are shown in Table 2 . The sway length and total sway length of each marker for clumsy children were defined as being large when the sway length deviated above the normal range of movement as measured by one of the cameras monitoring the subject. The sway length was defined as little than the normal range when the sway length deviated below the normal range as measured by either camera monitoring the subject.
We then compared the trends in the drawing motion between the two drawing performance groups are shown in Table 3 . In clumsy children from Group I, most markers deviated from the normal range. In clumsy children from Group II, most markers remain within the normal range. Further, body sway length in all Group II subjects was within the normal range.
The goodness-of-fit test results for the ratio of sway length and total sway length for the healthy and clumsy children were classified into two groups are shown in Table 3 . When the goodness-of-fit test revealed that the sway length ratio of the clumsy children differed from those of the healthy children group. And then there were differences in normal range of movement as measured by either camera monitoring the subject, the sway length ratio for each marker was determined not to be a fit.
Therefore, we compared the trends in drawing motion between the two groups from the results of the drawing performance tests. All children in Group I had differing ratios when compared with individuals in the healthy child group, and were therefore determined not to fit.
Physical Function
The clinical observations of drawing performance for each of the two groups of clumsy children are shown in Fig. 2 . The results revealed numerous problems, including residual primitive reflexes, muscle tone condition, posture maintenance, cooperativeness of the upper limbs, and eye movement in both groups. However, a tendency for greater severity of problems was observed in Group I than that in Group II. Furthermore, a tendency for increased severity of problems related to postural reflex was noted in Group I. The total point score revealed that subjects in Group II tended to have fewer problems related to physical function characteristics.
Discussion
Drawing Performance and Drawing Motion
We found that some clumsy children who had poor drawing skill tended to have large motion of the body and shoulder joint for all drawing tasks, as compared to healthy children. On the other hand some clumsy children who tended to use finger movements to draw and exhibit a small handwriting motion, as compared Table 2 . The mean sway length and total sway length of each for healthy and clumsy children. Trace length : cm Note. The mean sway length and total sway length of each marker for the healthy child group and the clumsy children were classified into two groups according to drawing performance.
to healthy children. In either case, the drawings were inaccurate due to drawing problems, the mechanism by which these drawing problem manifest are not uniform. The drawing tasks used in the present study contained an equilateral triangle with 10 cm sides. Tasks such as this that involve drawing large lines require movements of the shoulder and elbow joints [11, 12] . Therefore, inaccurate drawings may be associated with instability of the body or scapula, or decreased cooperativeness of the upper limbs. When the drawing motion was generally large, movements of the body and shoulder joints also tended to become larger due to posture instability. This is similar to the results of previous studies [13] and may be due to the influence of problems in maintaining continued muscle tone [7] . Children who have decreased muscle tone and problems in maintaining continued muscle tension often stabilize or immobilize another part of the body for increased support [14] . Subjects who used small drawing motions to draw the 10 cm triangle placed their upper limbs on the desk to obtain support for handwriting, allowing them to compensate for the instability in posture and problems in maintaining continued muscle tension.
Physical Function
The results of the clinical observations revealed that when drawings were inaccurate, there were problems with postural reflexes, posture maintenance, or cooperativeness of the upper limbs. However, based on the results of the clinical observations, the trends observed for characteristics of physical function problems in clumsy children whose drawings were inaccurate appeared to be similar, but the severity of the problems was unclear.
Each clumsy child used a different strategy when using the writing tools to cope with their individual deficits in physical function, which may have led to differences in drawing motion. However, the strategies used by clumsy children did not seem to be appropriate, Note. A tendency for increased severity of problems related to postural reflex was noted in Group I. The total point score revealed that subjects in Group II tended to have fewer problems related to physical function characteristics. and the subjects could not control the writing tools accurately. Moreover, body stability appeared to have the most influence on drawing accuracy in clumsy children who had no problems in drawing, and had similar drawing motion as healthy children. This was based on the fact that these subjects tended to show no problems in posture reflexes, posture maintenance, or performance of composite movements.
Study Limitation
It may be inappropriate to apply the results of this research to females, because this research was performed exclusively in male subjects. The figure in this drawing task was a triangle; hence, these results may not apply directly to other drawing tasks. A problem of handwriting indicated by daily life is that it includes writing as well as drawing. The drawing task performed in this study can generate a quantitative result, but handwriting evaluation is inevitably subjective to some degree. We can't evaluate three-dimensional movement enough because this study analyzed drawing motion of two dimensions movement analysis software.
Implication for Occupational Therapy Practice
The results of our study have the following implications for occupational therapy practice:
• The evaluation of physical function is necessary to a supported occasion for a problem of drawing, and we have to confirm the muscle tone condition, posture maintenance, cooperativeness of the upper limbs and eye movement in particular • Children with drawing problems exhibit different drawing motion than healthy children, and it is necessary to support it in drawing motion as well as the physical function.
Conclusion
From our findings, clumsy children with developmental disorders seem to present with difficulty in physical functions. Limitations in drawing and drawing motion are influenced primarily by body stability. Moreover, although we originally thought that the severity of problems in muscle tone and cooperativeness of the upper limbs had an influence on the ability to control writing tools, in some cases, subjects could nevertheless control the tools accurately depending on the method of drawing.
When providing support to children who have problems in writing or drawing, improvements may be gained by teaching them the strategies that are uniquely used by healthy children. However, it is possible that changing strategies may decrease drawing ability in clumsy children. In order to examine methods of support for the physical function of individual clumsy children, it is necessary to not only evaluate the drawing performance and physical function of subjects but also to assess the methods of drawing.
